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ABSTRACT 
The structure and function of both DNA and RNA have 
been investigated by employing furocoumarins as photochemical 
reagents. These class of compounds have been of immense help 
in the detection and localization of conformational variations 
in the helical structure of nucleic acids. The photobiological 
effects occur prominently upon UV irradiation at 365 nm (UV-A) 
and takes place in three successive steps, namely molecular 
complexing, photobinding of drugs through bases and finally 
cross linking of furocoumarins between the strands of DNA. 
The effect of adducts on the local structure of DNA depends 
on psoralen derivatives. Unwinding of double helix, bent 
(kink) at the site of crossing and lengthening of DNA by an 
equivalent of about one base pair per bound psoralen molecule 
has been reported. 
The present thesis describes the photoreaction between 
double stranded poly(dA.dT) and 8-methoxypsoralen (8-MOP). 
The formation of photoadduct was indicated by decrease in 
UV absorbance at 260 nm and a significant increase around 
300 nm and was further ascertained by the measurement of 
melting temperatures of the photoadduct and poly(dA.dT). The 
formation of interstrand crosslink between DNA and furocoumarin 
can be detected by thermal denaturation studies. The Tm of 
the photoadduct was incresed to the extent of 22.5''C as compared 
to that of unmodified polymer. This behaviour is characteristic 
of DNA containing interstrand crosslink. The data conclusively 
demonstrate that diadduct has been formed as a result of 
photoreaction between double stranded poly{dA.dT) and 8-MOP. 
Antibodies against the photoadduct was elicited in 
experimental animals. Direct binding ELISA showed a titer 
of greater than 1 : 3200. The specificity of induced antibodies 
II 
was ascertained by competition ELISA by employing photoadduct 
as the inhibitor. The results indicated that the modified 
polymer is highly immunogenic in experimental animals. The 
induced antibodies crossreacted with various double and 
single stranded nucleic acids. 
The analysis of the antibody binding data indicates 
the possible occurrence of at least two different populations 
of antibodies; one major and one minor population. The major 
population of antibodies recognized the modified part of the 
photoadduct, whereas the other population appears to recognize 
the sugar phosphate backbone of the polymer. 
I l l 
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I INTRODUCTION 
Nucleic acid, being the genetic material, is of utmost 
importance in the storage and transfer of genetic information 
from one generation to the next. The structure and function 
of both DNA and RNA have been investigated by employing 
furocoumarins as photochemical reagents. The drug has been 
of immense help in the detection and localization of 
conformational variations in the helical structure. Moreover, 
the photochemistry of nucleic acid-furocoumarin interaction 
plays a pivotal role in furnishing infoormation in the 
photochemotherapy of vitiligo (Fitzpatrick and Pathak, 1959; 
Parrish et al. , 1976), psoriasis {Parrish et.al., 1974) and 
some other skin diseases (Parrish et al.,1982 ; Fitzpatrick 
et al., 1982; Stolk and Siddiqui, 1988). 
Structure and type of furocoumarins 
Furocoumarins belong to a group of heterocyclic compounds 
which occur widely in nature. These are skin photosensitizers, 
which are synthesized by the fusion of furan ring on a suitably 
substituted coumarin derivative. The fusion of furan ring may 
take place either in a linear or in an angular mode. The most 
prominent type of furan ring fusion found in nature is of 
linear type. The fusion of two ring system i.e. furan and 
coumarin, ultimately render the resulting product i.e. 
furocoumarin, into a very potent bifunctional photochemical 
reagent. 
Various types of furocoumarins are known of which 
psoralen, 8-MOP, 5-MOP, 4 , 5,8 - trimethy]psoralen, angelicin, 
halofordin and isohalofordin are the most common. Of these 
only psoralen, 8-MOP and 4,5,8 _ trimethylpsoralen are of 
chemical importance as well as of therapeutic usefulness, 
photosensitivity and melanogenic properties (Scott etal., 
1976). 
Biophysical properties of psoralens 
The nucleic acid directed photobiological effects of 
psoralen occur most prominently upon ultraviolet irradiation 
at 365 nm (UV-A). Adduct formation takes place in three 
successive steps, namely molecular complexing, photobinding 
of furocoumarins to DNA through bases and finally cross linking 
of furocoumarin between the strands of DNA. Furocoumarins have 
low solubility in water but in the presence of nucleic acids 
their solubility increases. They form a weak molecular complex 
in nucleic acid solution, which involve weak bonding forces 
such as hydrogen bonding. Van der Waal's and hydrophilic forces. 
Furocoumarins intercalate between the two pyrimidine bases 
of DNA. As a result of UV-A irradiation, the intercalated 
psoralen undergoes covalent cycloaddition with thymine in 
deoxyribonucleic acid (DNA) and uracil residue in ribonucleic 
acid ( RNA) respectively, involving the 5,6 double bond of an 
adjacent pyrimidine in the nucleic acid helix and at either 
the 4',5' double bond in furan ring system or 3,4 double bond 
in the pyrone ring (Fig.l step B). Binding of both the 
functional ends of psoralen to opposite strands of nucleic acid 
helix results in the formation of covalent diadducts known as 
interstrand crosslink. Both mono and diadducts are mutagenic 
(Bridges et al., 1979; Averbeck, 1985) and carcinogenic in 
mammalian skin (Young, 1986). The effect of adducts on the 
local structure of the DNA depends on the psoralen 
derivatives. Typically, 8-MOP photoadducts provoke an unwinding 
of the double helix (Wiesehahn and Hearst, 1978). Although 
the major substrate for photoreaction in DNA is thymidine, 
a very minor cyclo-addition reaction between 8-MOP and 
adenosine has also been reported (Ou & Song, 1978). However, 
8-MOP may have other effects which are independent of UV 
associated DNA damage. For example, 8-MOP alters the cyclic 
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Fig. 1. Scheme of the mechanism of psoralen 
photosensitization 
nucleotide metabolism within several types of cells in the 
absence of UV irradiation (Albrightson et al., 1985). Furthermore, 
it impairs lectin-induced human lymphocyte proliferation in 
the absence of UV irradiation (Cox et al. , 1987). It can alter 
the time dependence or 'kinetics" of lymphocyte proliferation. 
8-MOP can also alter the accumulation of interleukin (11-2) and 
expression of 11-2 receptor. However, these alterations do not 
completely explain the effect of 8-MOP on the kinetics of 
lymphocyte activation and proliferation (Cox et al., 1988). 
It has been well documented that not all the furocoumarins 
possess the potentiality to undergo crosslinking. The angular 
derivative angelicin lacks the capability of forming crosslink. 
Some of the properties of mono and bifunctional psoralens are 
depicted in Table 1. 
The identification of the reactive state of furocoumarins 
which give rise to mono and diadduct is a topic of debate which 
has intrigued the photobiologists for several year. The spectro-
scopical studies show that psoralen and their derivatives have 
* 
two transitions in the 320-400 nm range; an n- •3c transition 
resulting from the excitation of the nonbonding electron on the 
* * 
C-2 carboxyl group to the -jz orbital, and a ^  - 3c transition 
occuring when a 31 electron in the psoralen ring system is excite4 
* 
to the 3t orbital. Lowest singlet (Mantulin and Song, 1973) and 
* 
triplet states (Mantulin and Song,1973) are the (3L 31) states. The 
reactivity of either 1(31, P )or the 3(3C 3t ) towards pyrimidine 
cycloaddition is determined by kinetics (i.e. lifetime), steric and 
electronic factors. The triplet excited state which is localized 
in the 3,4 carbon-carbon double bond was predicted to be more 
reactive than the singlet state ( Song et al. , 1971 ). 
The active participation of the triplet state of 
free furocoumarin in solution has been well established 
TABLE - I 
Some properties of mono and bifunctional furocoumarins 
Property Bifunctional 
(crosslinking) 
Monofunctiona1 
1. 
2. 
3. 
Molecular 
structure 
Mostly linear 
4, 
5. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
Skin photosensitizing Strongly 
activity phototoxic 
Ability to form 
O2 Strong 
0^ Moderate 
free radicals Strong 
Mutagenicity Strong 
Stimulation of 
melanin pigmentation Strong 
Cancerogenicity 
DNA interaction 
Photobinding 
capacity to DNA 
Monoadduct forming 
capacity with DNA 
Interstrand 
crosslinking with 
DNA 
Inhibition of DNA 
and RNA synthesis 
Topical - strong 
oral-weak 
Strong 
Strong 
Strong 
Strong 
Strong 
Therapeutic effecti- Strong -
veness in psoriasis well investigated 
Therapeutic effec-
tiveness in other 
diseases (vitiligo, 
mycosis f ungoides) 
Strong and 
effective 
Mostly non-linear 
exception 3-carbet-
oxypsoralen. 
Absent Nonerythemogeni 
Moderate to strong 
Moderate to strong 
Weak to moderate 
Moderate to Strong 
Weak 
Topical-moderate to 
strong;oral-not 
investigated 
Weak to moderate 
Weak to moderate 
Strong 
Absent in dilute 
aqueous solutions 
Moderate to strong 
Weak to moderate-
not extensively 
investigated 
Not investigated 
and confirmed by observing the dynamic triplet quenching of 
the photo-reaction process upon addition of nucleic acid bases 
and amino acids (Bensasson et al., 1978; Beaumont et al., 1979). 
The photoreaction between psoralen and thymine encounters a 
pronounced quenching effect in the presence of certain quenchers, 
such as O, and paramagnetic ions (Bevilacqua and Bordin, 1973). 
Also 0-, and paramagnetic ions wete found to quench the 8-MOP 
inactivation of bacteriophage lambda (Fujita and Kitakami, 
1977), but this observation is not in complete agreement with 
the work of Goyal and Grossweiner, 1979, who showed that 
intercalation of 8-MOP with calf thymus DNA inhibited the 
accessibility to O^. 
It has been suggested that the 4',5' photomonoadducts 
are formed via a singlet excited state of psoralen upon 
absorption of the first photon, followed by crosslink 
(diadduct) formation via the triplet state upon absorption of 
a second photon (Beaumont et al. , 1979) although this has not 
been established. However, the triplet excited states of 4',5' 
dihydropsoralen (Land and Truscott, 1979) and the 4',5' photo-
adduct of psoralen and thymine (Bensasson et al., 1980) are 
both quenched by thymine. 
The electron density in the reactive regions of the 
furocoumarin localized in the 3,4 or 4',5' double bond positions 
get disturbed due to the intramolecular charge transfer from 
the 71-electron system to the 3,4 or 4',5' double bond. 
Theoretical calculation of the electron density in these excited 
states show that 3,4 double bond has, more charge transfer 
character than the 4',5' double bond (Mantulin and Song, 1973; 
Song, 1984). Based on these results it has been suggested that 
the triplet photoreactivity resides with the pyrone moiety 
rather than with the furyl group (Mantulin and Song, 1973? 
Song 1984). Reactivity of the 4',5' double bond therefore 
appears to be determined by steric and kinetic factors rather 
than electronic factors. 
The salient features characterizing the photoreaction 
of furocoumarins with nucleic acids are summarized below 
(Kittler and Leber, 1983; Lober et al., 1982; Kittler and 
Lober, 1988). 
(a) The furocoumarin - nucleic acid photoreaction is preceded 
by the intercalative binding of the psoralen with 
nucleic acids i.e. the drug is inserted into the 
hydrophobic region between the nucleic acid bases with 
4 -1 the association constant in the order of 10 M 
(b) A conformational change is induced in the nucleic acid 
when it photoreacts with 8-MOP. This is accomplished 
by the unwinding of double helix (Kittler and Zimmer, 
1976). Various forms of DNA like A-DNA, B-DNA, C-DNA, 
H-DNA, V-DNA and Z-DNA, are known to exist. Out o'f these 
forms, B type helix (B-DNA) possessing a base pair 
orientation perpendicular to the long helix axis appears 
to be the most suitable conformation for crosslinking. 
It has also been observed that psoralen photobinding 
is strongly enhanced at the B-Z junction (Kochel and 
Sinden, 1989). 
Structural chemistry of psoralen and its adducts 
It is a well established fact that only the linearized type 
of furocoumarins possess the potentiality of crosslink formation 
whereas angular forms are devoid of this property. Various 
attempts have been made to establish the relative mutagenicity/ 
carcinogenicity of monoadducts versus diadducts or crosslinks 
and the clinical application of monoadducts in the photochemo-
therapy (Gange et al. , 1984). Also the different kinds of 
cellular response is elucidated against the two types of 
adducts. 
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Angelicin having angular structure forms only monoadducts. 
It has unique property of having a misaligned two reactive double 
bonds, once it has formed monoadduct and subsequent reaction 
of the remaining double bond with pyrimidine in the adjacent 
nucleic acid strand to form a crosslink is completely ruled 
out. Inspite of its unique property it has been reported to 
form crosslinked adduct with phage lambda DNA (Lown and Sim, 
1978; Kittler et al., 1980; Kittler and Lober, 1983). This 
may be due to the special folded structure within the phage head, 
which may be ultimately responsible for the formation of 
crosslink. 
Monofunctional furocoumarins produce appreciable bends in DNA 
Recent evidence has demonstrated that DNA can exist in 
solution in a suitably bent conformation (Wu and Crothers, 1984; 
Hagerman, 1984). DNA can bend as a result of particular sequence 
arrangements of DNA as in trypanosome kinetoplast (Wu and 
Crothers, 1984; Hagerman, 1984). It has been suggested from 
the X-ray crystallographic analysis of an 8-MOP-thymine monoadduct 
that psoralen crosslinks will bend DNA, perhaps as much as 
70° ( Peckler et al. , 1982; Kim et al. , 1983 ). This is 
potentially an exciting result since it would provide a 
relatively simple model DNA substrate for analysis of the 
biophysical parameters of bent DNA molecules. Moreover, psoralen-
induced curvature would be of biological significance, since 
it suggests a structural feature that may be recognized by DNA 
repair enzymes, such as UVrABC endonuclease in the repair 
of psoralen-DNA monoadducts and crosslinks (Cole, 1971; Cole 
et al., 1976; Sancar and Rupp. 1983). Sinden and Hagerman (1984) 
however, presented evidence that psoralen crosslinks do not 
produce significant bends in the DNA helix axis in contrast 
to the prediction from the X-ray crystallographic analysis of 
a psoralen-thymine monoadduct. However, there is a recent report 
that psoralen crosslink (diadduct) induces localized kink and 
unwinds the DNA helix by about 56° (Shi et al. , 1988). A 
possible explanation for these controversial results could be 
that the DNA helix around a psoralen diadduct is flexible. 
Psoralen adducts appear to lengthen DNA by the equivalent of 
about one base pair per bound psoralen molecule {Sinden and 
Hagerman, 1984). 
Relative reactivity of different furocoumarins with nucleic 
acids 
Furocoumarins and their derivatives vary in the degree 
of interaction with the nucleic acids. Variability in the 
potential interaction of psoralens with nucleic acids depends 
on the position, steric and the electronic characteristics of 
each group on the psoralen ring system. It has been reported 
that when methylated,both linear as well as angular furocoumarin, 
the dark binding affinity is markedly enhanced. Hence for this 
reason, 4 ,5',8-trimethylpsoralen and 4,4',6-trimethylpsoralen 
are much more reactive than unsubstituted psoralens or 
isopsoralens respectively {Guiotto et al.,1984). On the other 
hand substitution of a methoxy group at the position 8 of the 
psoralens was shown to decrease the photochemical reaction with 
nucleic acids. Therefore 8-MOP undergo covalent cycloaddition 
photochemical reaction with DNA at a much slower rate than 
non-methoxy substituted psoralen and also being much longer 
lived in solution than that of 4,5',8-trimethylpsoralen {Isaacs 
et al. , 1982). 
The capability of furocoumarins to undergo photocyclo-
addition with nucleic acids get reduced drastically or 
completely eliminated when it is substituted with substituents 
10 
having strong electron withdrawing or donating groups such as 
hydroxy, amino, and nitro groups. Furocoumarins such as 5-nitro-
8-MOP and 5-amino-8-MOP are devoid of any reactivity with DNA 
( Isaacs et al. , 1982). Electronically active substituents when 
substituted at the 3 position of the furocoumarin nucleus, 
renders the heterocyclic psoralen unfavourable for high 
reactivity with nucleic acid (Averbeck et al., 1978; Averbeck 
et al. , 1979; Magno et al.,1981). However, relatively bulky 
groups which are positively charged at the 4' and 5 positions 
of psoralen ring system form compounds which have both high 
dark association constants and high photoreactivity with DNA 
(Isaacset al. , 1982; Hearst et al. , 1979). 
Furthermore the amount of formation of pyrone side mono-
adduct formed with DNA is regulated/controlled by the presence 
or absence of a methyl group at the 4 position of the furocou-
marins (Kanne et al., 1984). The presence of 4-methyl group 
on psoralens restricts or lowers the amounts of pyrone side 
monoadduct formation with DNA. For example, 4,5',8-trimethyl-
psoralen and 4'-hydroxy methyl-4,5',8-trimethylpsoralen produce 
only less than 2% of pyrone side monoadduct when irradiated 
with DNA. This inhibition phenomenon may be attributed to the 
steric interference between the 4 methyl group of the psoralen 
and 5 methyl group of thymidine with which the psoralen 
predominently reacts and hence results in the decrease in the 
quantum efficiency of photobinding, thereby resulting in the 
formation of a lesser amount of pyrone side photoadduct. The 
furocoumarins devoid of 4 methyl groups such as 8-MOP and 
psoralen, forms upto 20% pyrone side photomonoadduct with DNA 
(Kanne et al. , 1982). Although 4' -hydroxy methyl- 4, 5', 
8-trimethylpsoralen possesses 4 methyl group, it does photoreact 
with RNA to produce about 20% of pyrone side photomonoadduct 
(Isaacs et al. , 1983). This may be attributed to reason that 
RNA possesses uracil instead of thymine, which lacks methyl 
11 
does not arise at all, thereby facilitating the formation of 
pyrone side monoadducts. 
Psoralen monoadducts and diadducts formed with DNA and RNA 
The photochemistry as well as stereochemistry of psoralen 
photomonoadduct and diadduct with DNA and RNA have been probed 
extensively. Several laboratories have reported the crystal 
structure of the furan-side 8-MOP-thymine photomonoadduct (Land 
et al. , 1982; Peckler et al., 1982; Kim et al. , 1983). 
The UV-A light irradiation of 8-MOP and purified double 
stranded DNA, starting with one molecule of 8-MOP per four 
base pairs results in the covalent binding of 25-30% of 8-MOP 
to the DNA. Thorough investigation of above irradiated mixture 
lead to the distribution of about 25% thymidine-8-methoxyp-
soralen photoadduct (crosslink), 45% furan-side thymidine-8-
MOP photomonoadduct and 20% pyrone-side thymidine-8-MOP 
photomonoadduct (Cimino et al., 1985). Also there is a report 
that a small amount of furan-side deoxyuridine-8-MOP monoadducts 
(Ca 2%), derived from reaction with cytosine followed by 
hydrolytic deamination is also formed (Cimino etal.,1985). 
The most preferential photocrosslinkable site for 8-MOP 
in DNA is 5'-TPA (Tessman et al. , 1985; Zhen et al. , 1986). 
The preference shown by 8-MOP for this potent site is apparent 
under all conditions. 8-MOP will preferentially and specifically 
photobind with 5'-TPA site only when the initial 8-MOP base 
ratio is low thereby resulting in the formation of a larger 
proportion of crosslinked adducts (60-70%). As the amount of 
psoralen available for photoaddition is increased,crosslinkable 
site become filled and the ratio of crosslink to monoadduct 
correspondingly decreases. 
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The stereochemistry of 8-MOP-DNA monoadducts have been 
well documented. The stereochemical analysis has propounded 
the possible occurrence of eight different configurational DNA-
8-MOP monoadduct showing a cis-syn stereochemistry. The furan-
side photomonoadduct having the furan 1' oxygen and pyrimidine 
1-nitrogen on the adjacent corners of cyclobutane ring symbolyzes 
the syn conformation of the furan side monoadduct. On the other-
hand, the pyrone side photomonoadduct having the 2-carbon of 
the psoralen and the 1-nitrogen of the pyrimidine on adjacent 
corners of the cyclobutane ring defines the syn conformation 
of the pyrone side monoadduct. It has been reported that only 
one particular set of configurational isomers is formed only 
to the cyclobutane type photoaddition reaction thereby 
suggesting the stringent restrictions on modes of furocoumarin 
intercalation imposed by the double helical DNA conformation. 
Similar results were also observed for diadducts (crosslink) 
which occurred as a pair of diastereomer with cis-syn stereo-
chemistry. The cis-syn configuration for both photomono and 
diadducts has been found with four different psoralen derivatives 
and is likely to be general for all linear furocoumarins. The 
photoreaction of furocoumarins with RNA is similar to that of 
DNA. The furan-side of photomonoadduct formed due to the 
photoexchange reaction between psoralen and RNA shows a cis-
syn stereochemistry. The pyrone-side monoadduct stereochemistry 
as well as the characterization of the crosslinked structure 
in RNA with psoralen remains to be determined. 
Techniques for detecting DNA-psoralen crosslink 
Different techniques have been used to detect DNA-psoralen 
crosslink adduct. Few of them are given below : 
(a) Psoralen-DNA interstrand crosslinks can be determined 
by nuclease Bal 31 digestion and nuclease S, sensitivity: 
13 
Nuclease Bal 31 possesses double strand specific 
exonuclease activity and psoralen-DNA crosslink is severe 
obstacle for the enzyme (Zhen et al. , 1986). It results in the 
generation of DNA which is crosslinked at both the ends. These 
fragments are end labelled and analyzed by polyacrylamide gel 
electrophoresis. The cross linked DNA has a different mobility 
than unmodified DNA. 
S, nuclease possesses single stranded nuclease activity. 
Psoralen modified DNA after denaturation with alkali followed 
by neutralization by the addition of acetic acid, were treated 
with S,nuclease to remove the single stranded portions in 
psoralen modified DNA. DNA connected in both the strands to 
a psoralen was not digested by S,-endonuclease (Matsuoand Ross, 
1988). The presence of crosslink was measured by fluorescence 
intensity after the addition of ethidium bromide ( \ =320 nm, 
A = 600 nm),. (Matsuo and Ross, 1987). /\em 
(b) Hydroxyapatite column chromatography 
Hydroxyapatite column which possesses unique property of 
discriminating nucleic acids endowed with different secondary 
structure, rigid ordered structure having more affinity for 
hydroxyapatite than flexible and disordered structure. Although 
most fractionations of nucleic acids reported so far are based 
on this property of hydroxyapatite, differences in secondary 
and tertiary structure can also be discriminated. 
Interstrand crosslink formed between DNA and furocoumarins 
can be ascertained by HA column. The modified DNA after 
denaturation is usually applied onto the hydroxyapatite column. 
The crosslinked product was found to be eluted at 0.25 M 
phosphate buffer (Cole, 1970; Dardalhon and Averbeck, 1988). 
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(c) Thermal denaturation study 
Thermal denaturation of DNA is accompanied by changes 
in the molecular configuration which are reflected by striking 
alterations in viscosity, optical rotation, buoyant density, 
light scattering and extinction coefficient, which are in 
accordance with those expected from the transitions of the 
ordered double helical array of paired bases arranged in native 
DNA to the disordered, random coil arrangements of denatured 
state. The degree of stability of DNA in native double stranded 
configuration to various denaturing agents has been correlated 
with the content of cytosine and guanine (GC) base pairs of 
DNA and number of crosslinks formed in the nucleic acid helical 
structure in association with certain drugs or intercalating 
agents. 
The formation o^ interstrand crosslink between DNA and 
furocoumarin can be detected by thermal denaturation studies. 
The optical density of both modified and unmodified DNA at 260 
nm are recorded at increasing temperature. Denaturation of 
modified DNA takes place at higher temperature which is in 
agreement with higher Tm value of modified DNA. The percent 
hyperchromicity of modified DNA becomes progressively smaller 
indicating that irradiation in presence of furocoumarins 
(psoralen) a fraction of DNA that can not be denatured. This 
behaviour is charcteristic of DNA containing interst-rarid cross-
linking (Marciani et al.,1976). 
Photoreaction of psoralens with proteins and fatty acids 
Apart from photoreactions between furocoumarin and nucleic 
acids, investigations havQ also been made to probe the possible 
photointeraction of these photosensitizers with tyrosinase 
(Talib, 1975). Investigation showed one order of magnitude lower 
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efficiency for proteins than for DNA when the drug-protein 
mixture was impeted with additional UV-A irradiation (Rodighiero 
and Dall'Acqua, 1984). It has also been reported that the 
photoreaction of both linear as well as angular furocoumarins 
with enzyme results a change in its catalytic activity (Talib, 
1975; Mitra et al., 1984). 
Investigation has also been carried out for the possible 
covalent photoaddition of furocoumarins with unsaturated fatty 
acids in a completely molecular oxygen free atmosphere (Kittler 
et al. , 1986). On the other hand the photoreaction of 
furocoumarin with unsaturated fatty acids in the presence of 
molecular oxygen resulted in the generation of singlet oxygen 
by the drug. The resulting photooxidized furocoumarins are 
capable of oxidizing lipids and proteins (Potapenko et al., 1986; 
Potapenko et al., 1982; YQshikawa et al., 1979), and possess 
the capability of inducing hemolysis of rat and human erythro-
cytes (Potapenko et al., 1986). 
Biological implications of nucleic acid-furocoumarin photoadduct 
Nucleic acid furocoumarin photoreaction study plays a 
pivotal role in the understanding of psoriasis and other skin 
disorders. The use of psoralen derivatives 8-MOP and to a lesser 
extent some other psoralens, including 5-MOP and TMP in the 
treatment of psoriasis and dermatoses is well established. These 
drugs are active only when combined with long wavelength UV 
light referred as PUVA therapy (psoralen plus UV-A). Also 
psoralens have been widely used in the inactivation of viruses 
(Hearst and Thiry, 1977) and can cause mutagenesis (Kim et al., 
1988). Furocoumarins have been actively used as valuable reagent 
to locate conformational variations as well as the secondary 
structures of E.coli 16SRNA (Wollenzien, et al. , 1978) E. coli 
5S RNA (Rabin and Crothers, 1979), and E.coli 23S RNA in solution 
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(Turner and Noller, 1983). These drugs serve as potential probes 
in the determination of secondary structure in single stranded 
DNA in solution such as bacteriophage fd DNA (Shen and Hearst, 
1976) and Simian virus 40 DNA (Shen and Hearst, 1977). The study 
of chromatin structure such as Drosophila melanogaster nuclei 
(Hanson et al., 1976), mouse liver nuclei (Cech and Pardue, 
1977), mitochondrial DNA in Hela cells (De Francesco and 
Attardi, 1981) and calf thymus chromatin (Mitra et al., 1984) 
can be best understood by employing these photo-sensitizers 
as valuable probes. The in situ structures of these non-nuclear 
DNAs have been probed by psoralen cross linkage followed by 
denaturation electron microscopy. Uniform cross linkage was 
observed over at least 90% of the contour length of mitochondrial 
DNA from Drosophila embryos and Hela cell cultures (Potter 
et al., 1980; De Francesco and Attardi,1981) and over the entire 
contour length of E.coli DNA (Hallick et al. , 1980), thus 
confirming the non-nucleosomal structure for each. However, 
6-10% of the contour length was looped out at the origin of 
replication in each mitochondrial DNA preparation. Since these 
sequences were crosslinked in vitro, the in situ protection 
was attributed to origin specific nucleoprotein complexes. 
The nucleic acid psoralen photoreaction has been widely 
used in fixation and stabilization of variety of nucleic acid 
structures including transcriptional complexes, replicative 
intermediates, R-loops and D-loops. The ability of furocoumarins 
to form crosslinks with nucleic acids have been exploited as 
a tool of various hybridization, electron microscopic and cloning 
procedures. The ability of furocoumarins to crosslink DNA-RNA 
hybrids have been utilized to study E.coli, RNA polymerase 
ternary complex, which suggested that the in vivo crosslinkage 
of ternary complexes could facilitate the isolation of trans-
17 
criptionally active DNA via isopycnic gradient ultracentri-
fugation (Shen and Hearst, 1978). Psoralen (TMP) crosslinks 
has proved to be valuable tools in the fixation of adeno virus 
5-replicative intermediate in vivo, thereby suggesting that 
in vivo TMP crosslinkage could be extended to study of other 
labile double stranded structures such as okazaki fragments 
and recombinational intermediates (Revet and Benichou, 1981). 
Objective of Present Study 
The present work describes the modification of polymer 
poly (dA.dT).poly (dA.dT) with 8-MOP at room temperature under 
UV light of 365 nm. The modification was studied by ultraviolet 
spectroscopy and thermal denaturation. The antigenicity of 
photoadduct has also been investigated. Direct binding ELISA 
was employed for the detection and quantitation of induced 
antibodies and reactivity with other nucleic acid polymers. 
Competition ELISA was performed to check the specificity of 
antibodies elicited against poly (dA.dT)-8-MOP photoadduct. 
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I I EXPERIMENTAL 
A. Materials 
1. Chemicals 
8-MOP, anti-rabbit- IgG alkaline phosphatase conjugate, 
xylene cyanole FF, Coomassie Brilliant Blue R250, bovine 
serum albumin, methylated bovine serum albumin, calf thymus 
DNA, polydeoxyadenylate (poly dA), polydeoxythymidylate (poly 
dT), poly D-lysine, Freunds complete and incomplete adjuvants 
were purchased from Sigma Chemical Company, U.S.A. Alternate 
copolymer poly (dA.dT). poly(dA.dT) and poly (dA),poly(dT) 
were obtained from Pharmacia Fine Chemicals, Sweden. 
Polystyrene flat bottom plates having 96 wells ( 7 mm in 
diameter) were obtained from Dynatech, Immunol, U.S.A. A 
colorigenic substrate p-nitrophenyl phosphate was obtained 
from C.S.I.R. Center for Biochemicals, Delhi. Tween- 20, 
acrylamide, bis-acrylamide, N-N-N'-N' tetraethylmethylenedi-
amine, and ammonium persulphate were obtained from Bio-Rad 
Laboratories, U.S.A. All other chemicals were of highest grade 
available. 
2. Equipment 
Bausch and Lomb Spectronic-20, Dynatech ELISA microplate 
reader MR-600r ELICO pH meter model H-IOT, ELICO conductivity 
bridge, Shimadzu UV-24 0 spectrophotometer equipped with a 
thermoprogrammer and controller and ultraviolet lamp (Vilber 
Lourmat, model No. VL-12BLB, France) were the major equipment 
used in this study. 
B. Methods 
1. Determination of protein concentration 
Protein was estimated by the method of Lowry et al. , 
(1951). 
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Fig.2. Standard plot for the colorimetric 
estimation of protein 
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a) FQlin-Ciocalteu reagent 
The reagent was purchased from C.S.I.R. Center for 
Biochemicals, Delhi and diluted 1:4 times before use. 
b) Alkaline copper reagent 
It consiste of two components 
i) 2% sodium carbonate in O.IN NaOH 
ii) 1% copper sulphate in 2% sodium potassium tartrate 
The working reagent was prepared fresh before use by 
mixing two components in the ratio of 50 : 1 respectively. 
c) Procedure 
Freshly prepared 5 ml of alkaline copper reagent was 
mixed with 1 ml of protein sample. The tubes were incubated 
at room temperature for ten minutes. One ml of 1:4 times 
diluted Folin-Ciocalteu reagent was added with immediate 
mixing. The tubes were left for 30 minutes at room 
temperature. The absorbance was monitored at 660 nm. The 
protein content of the unknown sample was determined from 
standard plot constructed by using bovine serum albumin. 
2. Determination of DNA concentration 
DNA was estimated colorimetrically according to Burton 
(1956) using diphenylamine reagent. 
a) Diphenylamine reagent 
750 mg of diphenylamine was mixed with 50 ml of glacial 
acetic acid and 750 pi of concentrated sulphuric acid. The 
reagent was prepared fresh before use. 
b) Procedure 
One ml of DNA solution was mixed with 1 ml of IN 
21 
o 
o 
UJ 
o 
< 
m 
cc 
o 
I/) 
m 
< 
10 20 30 40 50 60 
-1 
CONCENTRATION OF DNA ;jg.mL 
Fig. 3. Standard plot for the colorimetric 
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perchloric acid. The test tubes were incubated for 15 minutes 
in a water bath maintained at TCC. Hundred ^L of 5.43 mM 
acetaldehyde was added to each tube. Two ml of diphenylamine 
reagent was then added. The tubes were thoroughly mixed and 
allowed to stand at room temperature for 16-20 hours. The 
absorbance was recorded at 600 nm. The DNA concentration in 
unknown sample was determined from standard plot constructed 
by using 0-100 ^g of purified calf thymus DNA. 
3. Isolation of IgG 
Immunoglobulin G was isolated from crude immunoglobulin 
on DEAE Sephacel column. 
a) Preparation of crude IgG 
To 6.5 ml of serum was added dropwise saturated ammonium 
sulfate allowing each drop to disperse before the next was added. 
Most of the immunoglobulins got precipitated by 35-40% of 
saturation. The reaction was carried out at 4°C for 1 hour. 
The suspension was stirred for 15-30 minutes and then centrifuged 
at 10,000 RPM for 15 minutes. The pellet thus obtained was washed 
three times with 40% saturated ammonium sulphate. Finally, the 
precipitate was dissolved in phosphate buffered saline. Ammonium 
sulphate was removed by overnight dialysis against 500-1000 
volumes of phosphate buffered saline. The dialysis fluid was 
changed several times at intervals of a few hours. 
b) DEAE Sephacel chromatography 
Crude immunoglobulins were loaded onto the DEAE Sephacel 
column (28 cm x 1.5 cm) previously equiliberated with 0.01 M 
phosphate buffer pH 8.0. After washing the column with starting 
buffer, fractions of 3 ml were collected with a linear gradient 
of 0.01M-0.3M phosphate buffer, pH 8.0. Absorbance of each 
fraction was monitored at 280 nm. First peak of the chromatogram 
was pooled and used as IgG. 
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4. Polyacrylamide gel electrophoresis 
The purity of the isolated IgG was checked through 
polyacrylamide slab gel electrophoresis under denaturing 
conditions as described by Laemmli (1970). 
a) Acrylamide - bisacrylamide (30:0.8) 
A stock solution of 30% acrylamide containing 0,8% bisacry-
lamide was prepared by dissolving 30 gm of acrylamide and 
0.8 gm of bisacrylamide in a total volume of 100 ml. 
b) Resolving gel buffer, 3M Tris-HCL (pH 8.8) 
Stock solution of buffer was prepared by dissolving 36 
g Tris in 48.0 ml of IN HCl. The contents were mixed properly, 
pH adjusted to 8.8 and the final volume brought to 100 ml. 
c) Stacking gel buffer, 0.5M Tris-HCl (pH 6.8) 
6.05 g Tris was dissolved in 40.0 ml distilled water, 
titrated to pH 6.8 with 1 N HCl (around 4 8 ml) and the volume 
adjusted to 100 ml with distilled water. 
d) Electrode buffer 
0.025 M Tris and 0.192 M glycine, pH 8.3 containing 0.1 
percent SDS. 
e) Sample buffer 
a) 6 g Tris was dissolved in 80 ml distilled water and 
pH adjusted to 6.8 with phosphoric acid. The volume 
was made to 100 ml with distilled water. 
b) To 12.5 ml of above sample buffer, was added 1 mg 
bromophenol blue and 12.5 ml glycerol. 
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One part of (b) and four part of sample were mixed and 
boiled for five minutes just before electrophoresis. Samples 
were electrophoresed at 80 V at room temperature for 8-10 
hours. 
Recipe for 7.5% SDS-PAGE 
(30.0 ml total volume) 
Resolving gel buffer 
Acrylamide-bisacrylamide 7.5 ml 
Resolving gel buffer 3.75 ml 
10% SDS 300 AiL 
1.5% Ammonium persulfate 1.5 ml 
Distilled water 16.95 ml 
TEMED 15 llL 
Recipe of Stacking Gel Buffer 
(Total volume 10 ml) 
Acrylamide-bisacrylamide 
Stacking gel buffer 
10% SDS 
1.5% Ammonium persulfate 
Distilled water 
TEMED 
The resolving gel buffer was mixed and poured between 
the glass plate separated by 1.5 mm thick spacer. The gel was 
allowed to polymerize at room temperature. The stacking gel 
was added thereafter. The samples were loaded, run and stained 
by Coomassie Brilliant Blue R-250. 
1.25 
2 . 5 
100 
0 .5 
5 .65 
7 .5 
ml 
ml 
iiL 
ml 
ml 
JUL 
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5. 8-Methoxypsoralen modification 
Poly(dA.dT).poly(dA.dT) (80 jag) in phosphate buffer 
(10 mM, pH 6.8) was thoroughly mixed with 8-MOP (0.8 ^g) in 
a total volume of 1.0 ml. The mixture was kept in dark for 3 
hours at room temperature with stirring which resulted in weak 
molecular complexing between poly(dA.dT) and 8-MOP. The 
intercalated complex was irradiated for 30 minutes using 
illuminating wavelength of 365 nm at room temperature. The 
photoadduct was extensively dialyzed against 0.01 M phosphate 
buffer pH 6.8 to remove the unbound 8-MOP. Sample of irradiated 
poly(dA.dT) and 8-MOP in 0.01 M phosphate buffer pH 6.8 were 
used as corresponding controls. 
6. Determination of Melting Temperature 
Melting curves were obtained on shimadzu UV-240 spectroph-
otometer equippe^i with a temperature programmer and controller. 
Double stranded poly(dA.dT) and poly(dA.dT)-8-M0P photoadduct 
in 0.01 M phosphate buffer pH 6.8 were melted at the rate of 
l°C/min from 35°C to gS'C. Melting curves were recorded at a 
fixed wavelength of 260 nm. Native DNA and ssDNA were also 
melted under similar conditions. 
7. Preparation of antigen and iinmunization schedule 
Poly(dA.dT)-8-M0P-MBSA conjugate was formed by mixing 
equal amounts of both poly(dA.dT)-8-MOP and MBSA by weight of 
the solutes. One ml of poly(dA.dT)-8-MOP photoadduct (50 jag) was 
complexed with 50 jul MBSA (50 jig). The poly( dA.dT )-8-M0P-MBSA 
complex was emulsified with Freund's complete and incomplete 
adjuvant. Rabbits (9-12 months weighing 1-1.5 kg) were injected 
intramuscularly in hind limbs weekly for five weeks. A single 
animal received a total of 250 jjg of poly(dA.dT)-8-M0P photo-
adduct in the course of five injections. Seven days after the 
last dose, blood was collected by cardiac puncture. The serum 
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samples were decomplemented by heating at 56°C for 30 minutes. 
The samples were stored at -20''C with 0.1% sodium azide as 
preservative. 
8. Direct binding ELISA 
a) Tris buffer saline (TBS), pH 7.4 
10 mM Tris, 150 mM NaCl, pH 7.4 containing 0.02% sodium 
azide as preservative. 
b) Tris buffer saline-Tween-20 (TBS-T), pH 7.4 
20 mM Tris, 144 mM NaCl, 2.68 mM KCl, 500 ;JL Tween-20. 
c) Bicarbonate buffer, pH 9.6 
15 mM sodium carbonate, 35 mM sodium bicarbonate and 2 mM 
magnesium chloride, pH 9.6 containing 0.02% sodium azide 
as preservative. 
d) Substrate 
500 jug p-nitrophenyl phosphate/ml in bicarbonate buffer, 
pH 9.6. 
e) Procedure 
Anti-poly(dA.dT)-8-M0P antibodies were detected 
and quantitated by ELISA using polystyrene flat bottom 
plate as solid support (Ali et al., 1985). 
Polystyrene flat bottom microtiter plates were coated 
with 100 }iL of poly D-lysine (50 jug/ml in distilled water) 
for 30 minutes at room temperature to increase antigen 
immobilization. The plates were washed thrice with TBS 
and coated with 100 pL of [poly(dA.dT)-8-M0P] antigen 
(2.5 >jg/ml in TBS) for two hours at room temperature and 
overnight at 4°C. The plates were washed thrice with TBS-T 
and coated with 100 ;aL/well of poly L-glutamate (50 jag/ml 
in TBS) for 2 hours at room temperature. The plates were 
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again washed thrice with TBS-T and unoccupied sites were 
saturated with 100 uL of 1% BSA in TBS for six hours at room 
temperature. BSA-TBS was added both in antigen and control wells 
The plates were washed once with TBS-T and anti-poly(dA.dT) 
-8-MOP antibody (diluted in 1% BSA-TBS) was added in both antigen 
and control wells. The plates were incubated for two hours 
at room temperature and overnight at 4''C. The bound antigens 
were detected by anti-rabbit-IgG alkaline phosphatase conjugate 
using p-nitrophenyl phosphate as colorigenic substrate. The 
absorbance of each well was monitored at 410 nm on a automatic 
microplate reader. The mean absorbance of A. .-A . , of 
test control 
duplicates were plotted against negative log of serum dilution. 
The reactivity of anti poly(dA-dT)-8-MOP antibody was 
also checked by the same procedure using nDNA, ssDNA, RNA, 
poly(dA), poly(dT), poly(dA).poly(dT) and double stranded poly 
(dA.dT) as antigen. 
9. Inhibition ELISA 
Inhibition ELISA was carried out to check the specificity 
of antigen-antibody reaction (Ali and Ali,1986). Varying amounts 
of poly(dA.dT)-8-M0P (0-20 jug/ml) was mixed with constant amount 
of anti-poly(dA-dT)-8-MOP antibody positive serum. The mixture 
was incubated for two hours at room temperature. The immune 
complex thus formed was coated onto the plates instead of serum. 
Rest of the steps were same as in simple ELISA. 
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III RESULTS 
Formation and Detection of Photoadduct 
Mixture of poly(dA.dT).poly(dA.dT) and 8-MOP (80 ^g and 
0.8 Mg respectively) in 0.01 M phosphate buffer pH 6.8 was 
irradiated for 30 minutes at room temperature in presence of 
365 nm UV light. The samples were dialyzed against 0.01 M 
phosphate buffer pH 6.8 to remove the unbound 8-MOP. The UV 
absorption spectra (Fig.5) of irradiated and dialyzed sample 
indicated the formation of photoadduct. The native polymer and 
polymer-8-MOP photoadduct exhibited marked changes in their 
UV-absorption pattern. Substantial increase in absorption around 
300 nm is suggestive of the formation of photoadduct between 
poly(dA.dT) and 8-MOP. 
Thermal Denaturation of Photoadduct 
Thermal denaturation studies were carried out with 
unmodified polymer and photoadduct (Fig.6 & 7). The increase 
in absorbance at 260 nm was recorded as the rise in temperature 
at the rate of I'C/min.The Tm value, at which half of the double 
helical structure of the poly(dA.dT)-8-MOP is lost was found 
to be 69.5°C. The Tm value of the native polymer was recorded 
at 47°C.The significant increase in the Tm value of the modified 
polymer (69.5°C) as compared to the unmodified polymer (47"C) 
reveals the diadduct nature of photomodified conformer. 
Furthermore, the Tm value indicates that the poly{dA.dT)-8-MOP 
photoadduct is thermodynamically more stable than its unmodified 
conformer. Thermal denaturation studies were also carried out 
for single stranded and native DNA. The melting temperature 
at which fifty percent of double helical structure of native 
DNA (Fig. 8 & 9) is lost was found to be 87.5''C. Since the single 
stranded DNA is already in the unstacked form therefore, the 
increase in temperature does not cause any significant increase 
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TEMPERATURE/C 
Fig.6. Effect of Temperature 
on 260 nm absorbance of 
poly (dA.dT) and its 
photoadduct with 8-MOP 
(-•-) Poly(dA.dT) and 
(-0-) Poly(dA.dT)-8-M0P 
photoadduct 
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Fig.7.Melting profile of poly(dA.dT) (-•-) and 
poly(dA.dT)-8-M0P photoadduct (-O-) 
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TEMPERATURE ( "^C ) 
Fig.9. Melting profile of native DNA 
(-•-) and ssDNA (-9-) 
35 
in absorbance, and hence the Tm value for ssDNA was not 
determined. 
Antigenicity of Poly{dA.dT)-8-MOP Photoadduct 
Antibodies against the photoadduct was elicited in rabbits 
complexed with methylated bovine serum albumin (MBSA) in the 
presence of Freund's complete/incomplete adjuvants. The serum 
separated from the immunized blood sample was tested for the 
presence of antibodies against the photoadduct used as antigen. 
Both direct binding and inhibition ELISA experiments were 
carried out on microtiter plates, precoated with poly D-lysine. 
A colorigenic substrate, p-nitrophenyl phosphate, was used 
to monitor the antibody activity. Direct binding ELISA of the 
anti-photoadduct antibodies showed appreciable binding with 
the antigen, whereas the binding of the preimmune serum was 
of low magnitude. The induced antibodies showed a titer of 
greater than 1:3200 (Fig.10). The specificity of induced anti-
bodies was ascertained by competition ELISA by employing 
photoadduct as the inhibitor. A maximum of 72% inhibition was 
recorded at an inhibitor concentration of 20.jjg.ml~ . Fifty 
percent inhibition was found at a photoadduct concentration 
of 10 ijg.ml" (Table 2). The direct binding as well as the 
competition ELISA results indicate that the modified polymer 
is highly immunogenic in experimental animals. 
Specificity of Induced Antibodies 
The immunocrossreactivity of the induced anti-photoadduct 
antibodies was probed against the various nucleic acid antigens. 
Direct binding ELISA showed appreciable binding of the 
antibodies with double stranded DNA. The induced antibodies 
recognized the double stranded DNA with a titer of greater 
than 1: 160 (Fig. 11 B). The binding of the induced antibodies 
with the homopolymer poly(dA).poly(dT) and with single stranded 
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Fig. 10. Direct binding ELISA of anti-photo-
adduct antibodies 
(-0-) Immunized serum; (-•-) Preimmune Serum 
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Fig.11. Direct binding ELISA of anti-photo-
adduct antibodies. The polystyrene 
plates were coated with (A) nDNA 
(B) ssDNA 
(-0-) Immunized Serum; (-•-) Preimmune 
Serum 
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polymers poly(dA) and poly(dT) was also studied. The antibody 
recognized the single stranded polymer poly(dA) (Fig.12 B) 
although, the binding efficiency was much less than that for 
native DNA. On the other hand, the degree of recognition by 
the induced antibodies was found to be of the same order of 
magnitude with poly(dA).poly(dT) and poly(dT) respectively 
(Figs. 13 A & 12 A), and both the above nucleic acid antigens 
showed somewhat lesser degree of immunocrossreactivity against 
the anti-photoadduct antibodies as compared with that of 
poly(dA). 
The immunocrossreactivity of the elicited antibodies 
against single stranded DNA, RNA and double stranded copolymer 
poly(dA.dT) has also been investigated. Direct binding ELISA 
results showed a very low magnitude of recognition of the 
nucleic acid antigens by the anti-photoadduct antibodies (Figs. 
11 A, 13 C & 13 B). The degree of binding of induced antibodies 
with ssDNA, RNA and poly(dA.dT). poly(dA.dT) was found to be 
of the same magnitude. On the basis of above data, it could 
be concluded that anti-photoadduct antibodies are highly 
heterogeneous, recognizing not only the photoadduct but also 
a couple of other polymers. 
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Fig. 12. Direct binding ELISA of anti-photo-
adduct antibodies. The polystyrene 
plates were coated with (A) Poly(dT) 
(B) Poly (dA) 
(-O-) Immunized Serum; (-•-) Premmune 
Serum 
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Fig. 13. Direct binding ELISA of anti-photo-
adduct antibodies. The plates were 
coated with (A) Poly(dA).poly{dT) 
(B) Poly(dA.dT).poly{dA.dT) (C) RNA 
(-O-) Immunized Serum ;(-•-) Premmune 
Serum 
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IV DISCUSSION 
Native DNA possessing a right handed double helical 
conformation is as such a poor immunogen due to the remarkable 
tolerance exhibited by normal animals. The experimentally 
induced antibodies against native DNA show specificity for 
single stranded polymer (Plescia et al., 1964). The synthetic 
right handed polydeoxyribonucleotides like poly(dG.dC). 
poly(dG.dC) (Lafer et al.,1981), poly(dC.dA).poly(dG.dT) 
(Lafer et al. , 1982), and poly(dG).poly{dC) (Stollar, 1970) 
are all weakly immunogenic. On the contrary when modified 
by physical and chemical agents or in the presence of some 
protein carriers, it does elicit antibodies which recognizes 
the modified part of the polymer, indicating thereby that 
the modified DNA is a potent immunogen. Conformational 
variants of B-DNA and DNA-RNA hybrids are immunogenic 
(Stollar, 1975; Rich et al., 1984). 
Nucleic acids are modified in a variety of ways and 
the altered polymers show varying degree of immunogenicity: 
one such type is the transformation of B-DNA to Z-DNA. 
It is the deoxy form of nucleic acid having a left handed 
double helical conformation possessing a zig-zag sugar 
phosphate backbone and hence its name. The B-form of poly(dG. 
dC) .poly(dG.dC) is stabilized into the Z-form by bromination 
under high salt concentration. Modification of poly(dG.dC). 
poly(dG.dC) which stabilize it in Z-conformation increases 
its immunogenicity by several orders of magnitude (Lafer 
et al., 1983; Malfoy and Leng, 1981; Thomae et al. , 1983; 
Zarling et al. , 1984). Anti-Z-DNA antibodies have been used 
in a variety of biological system in identifying genomes 
and sequences with Z-DNA forming potential (Nordheim et 
al., 1981; Nordheim et al, 1982; Nordheim and Rich, 1983; 
Lipps et al., 1983; Lang et al., 1982; Jovin et al., 1983). 
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The modification of DNA could either be covalent or 
noncovalent. Among the covalent modifiers are antitumor 
drugs, alkylating agents and photoactivated species of 
furocoumarins. The linear derivatives of furocoumarins form 
both mono and diadduct with DNA under UV-A light. The effect 
of these adducts on the local structure of DNA is not known, 
although a model of crosslinked DNA on the basis of psoralen 
thymine-monoadduct has been proposed (Pearlman et al. , 
1985). It has been debated whether or not crosslinks produce 
significant bend in DNA helix axis (Peckler et al. , 1982; 
Sinden and Hagerman, 1984; Zhen et al., 1988). 
The mechanism of action of furocoumarin on nucleic 
acid is well documented (Scott et al., 1976). It has been 
reported by several workers that the formation of molecular 
complex is of preliminary importance in the formation of 
photoadduct and in the photobiological activity of various 
psoralens. In the present study, dark and UV-induced 
interaction of 8-methoxypsoralen to double stranded poly 
(dA.dT) was determined and quantitated by ultraviolet 
absorption studies and determination of melting temperature. 
The UV-absorption characteristics of poly{dA.dT)-8-M0P 
photoadduct and unmodified polymers were monitored. The 
decrease in UV-absorption at 260 nm and a significant increase 
around 300 nm indicated the formation of photomodified 
conformer. 
The formation of photomodified conformer was further 
ascertained by measurement of melting temperature of the 
photoadduct and poly(dA.dT). The Tm value of the photoadduct 
was found to increase to the extent of 22.5°C as compared 
to that of the unmodified polymer. The interstrand crosslink 
(diadduct) has been formed as a result of photoreaction 
between double stranded poly(dA.dT) and 8-MOP. It has been 
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observed that the formation of crosslinked adduct progress-
ively increases the denaturation temperature of photomodified 
DNA. Moreover, total percent increase in optical density 
becomes progressively smaller (Hurt et al., 1987), indicating 
that after irradiation in the presence of psoralen a fraction 
of DNA can not be denatured. The increase in Tm value of 
the photomodified adduct reflects upon the diadduct nature 
of the photomodified conformer. Furthermore Tm value indicate 
that the photoadduct is thermodynamically more stable than 
the unmodified conformer. The results of thermal denaturation 
studies are in agreement with the work of Shi and Hearst 
(1986), who suggested that crosslink can stabilize the helix 
from thermal melting. 
Modified DNA are generally potent immunogens. Studies 
were conducted to check the immunogenicity of poly(dA.dT)-
8-MOP photoadduct.The results indicated that the photoadduct 
was highly immunogenic in experimental animals inducing 
high titer and conformationally specific antibodies. Inspite 
of its high specificity for the photoadduct, the crossreact-
ivity of the induced antibodies against various double and 
single stranded nucleic acid antigens involving a broad 
spectrum of epitope/antigenic determinant suggests the 
heterogenous character of the anti-photoadduct antibodies. 
The analysis of the data indicates the possible occurrence 
of at least two different populations of antibodies; one 
major and one minor population. The major population of 
the antibodies recognized the modified part of the photoadduct 
whereas the other population appears to recognize the sugar 
phosphate backbone of the polymer. 
The reactivity of the induced antibodies against calf 
thymus double stranded DNA and poly(dA).poly(dT) suggests 
the presence of a small population of antibodies which are 
directed against the sugar phosphate backbone. Non reactivity 
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of induced antibodies with heat denatured DNA and total 
RNA of E.coli clearly indicate that the induced antibodies 
are not directed against the bases. 
In conclusion, it could be inferred from the above 
results that any perturbation or modification in the nucleic 
acid helical structure, either by physical or chemical means, 
ultimately renders the nucleic acid highly immunogenic and 
the induced antibodies are conformation specific recognizing 
the changed conformation of modified polymer. 
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